I N T R O D U C T I O N
The electroretinogram (ERG) has been used to measure retinal function for more than a century (Armington 1974) and has found particular application in patient diagnosis and clinical research (Fishman et al. 2001) . During the last decade, the ERG has been widely used to understand the functional consequences of retinal gene manipulation (reviewed in Peachey and Ball 2003) . These applications have spurred the development of stimulation, recording, and analysis protocols that allow the functional properties of different retinal cell types to be evaluated in normal and mutant mice.
Following the relatively rapid a-and b-waves, which reflect primarily the activity of photoreceptors and bipolar cells, respectively (Robson et al. 2003; Robson and Frishman 1995) , the ERG is known to include a series of slow potentials that are generated in response to neural activity by nonneuronal elements of the retina (Steinberg et al. 1985) . The positive polarity c-wave occurs within several seconds following a light stimulus and represents the sum of two potentials that are generated in response to the light-induced decline in subretinal [K ϩ ] . A positive potential, generated by hyperpolarization of the apical membrane of the retinal pigment epithelium (RPE) (Oakley and Green 1976; Steinberg et al. 1970 Steinberg et al. , 1980 ) is offset somewhat by slow PIII, a negative polarity signal that is generated by the Müller cells (Kofuji et al. 2000; Witkovsky et al. 1975) . In reptiles and higher vertebrates, the c-wave is followed by the fast oscillation (FO), which has a negative polarity that reaches a minimum level within the first 2 min after a flash (Griff and Steinberg 1984; Kikiwada 1968; Linsenmeier and Steinberg 1984) . The FO is generated in part by the recovery of slow PIII and the c-wave from their peaks as [K ϩ ] increases in the IPM. The major factor underlying the FO, however, is a hyperpolarization of the basal membrane of the RPE in response to the initial decline in subretinal [K ϩ ], which is transmitted relatively slowly through the RPE cells (Griff and Steinberg 1984; Linsenmeier and Steinberg 1984) . The light peak (LP) follows the c-wave and FO, with a positive polarity that reaches a peak only several minutes after the FO (Linsenmeier and Steinberg 1982) . The LP is known to reflect a depolarization of the basal membrane of the RPE, although the "light-peak substance" that initiates this response component has not been identified.
The RPE is critically involved in many activities required for normal retinal function, including the flow of nutrients and waste products between the photoreceptors and the choroidal circulation, the visual cycle, and the phagocytosis of shed outer segment disks (reviewed in Bok 1993; Marmorstein 2001) . In addition, mutations in RPE genes have been found to underlie a wide range of hereditary retinal diseases, such as retinitis pigmentosa (Maw et al. 1997) , Lebers congenital amaurosis (Gu et al. 1997; Marlhens et al. 1997) , Malattia Leventinese and Doyne honeycomb retinal dystrophy ), Sorsby's fundus dystrophy (Weber et al. 1994) , congenital hypotrichosis (Sprecher et al. 2001) , and Best vitelliform macular dystrophy (Marmorstein et al. 2000; Petrukhin et al. 1998) . This information motivates the development of mouse mutants for these retinal disorders and for other RPEspecific genes. Although the ERG provides a means to better understand the functional consequences of gene manipulation, only Kikiwada (1968) has reported that RPE-derived components may be recorded from mice. Recently, we reported a new method to record these responses from the rat (Peachey et al. 2002) . In the present study, we report a modification of this noninvasive procedure for recording light-evoked activity of mouse RPE and use this to determine the stimulus-response properties of three wild-type (WT) mouse strains that are widely used in vision research. We also describe results obtained from mutant mice with well-defined defects of the rod pathway that allow us to begin to evaluate specific issues regarding the generation of the components that comprise the mouse dc-ERG.
M E T H O D S

Animals and anesthesia
This study examined two strains of WT mice that are frequently used in vision research (C57BL/6J and BALBc/ByJ) and a third strain of WT mouse that is widely used in generating knockout mutants (129/SvJ). WT mice were obtained from The Jackson Laboratory (Bar Harbor, ME). The nob (no b-wave) mouse is a spontaneous mutant that was originally identified by the lack of an ERG b-wave (Pardue et al. 1998) . The nob defect is an 85-bp deletion in the nyctalopin gene (Gregg et al. 2003b ), and the mice tested here were derived from a breeding colony in which nob is maintained on a C57BL/6J background. As nob is an X-linked trait, only male mice were used (i.e., nob/Y or ϩ/Y). Transducin (Tr) mutant mice were obtained from a cross between the original Tr-null (TrϪ/Ϫ) background strain (Calvert et al. 2000) and C57BL/6J mice. These mice, all Trϩ/Ϫ heterozygotes, were crossed with TrϪ/Ϫ mice to generate the mice studied here (i.e., Trϩ/Ϫ or TrϪ/Ϫ). In all cases, recordings were made between 5 and 16 wk of age. ERG recordings were used to identify nob and Tr mutant mice (cf. Calvert et al. 2000; Candille et al. 1999) .
After overnight dark adaptation, mice were anesthetized with ketamine (80 mg/kg) and xylazine (16 mg/kg). This dose is usually effective for Ն25 min, and the duration of each experimental session was chosen to not require supplemental anesthetic and disturbing the recording preparation. Eye drops were used to anesthetize the cornea (1% proparacaine HCl) and to dilate the pupil (1% mydriacyl, 2.5% phenylephrine HCl, and 1% cyclopentolate HCl). Mice were placed on a temperature-regulated heating pad throughout the recording session. All procedures involving animals were approved by the local institutional animal care and use committee and were in accordance with the Institute for Laboratory Animal Research Guide for Care and Use of Laboratory Animals.
Recording and stimulation
Two stimulation and recording systems and protocols were used in this study. To measure ERG components generated by the RPE, we used a variation of a technique developed for the rat (Peachey et al. 2002) . In brief, responses were recorded from the corneal surface of the left eye using an unpulled 1-mm-diam glass capillary tube with filament (BF100 -50-10, Sutter Instruments; Novato, CA) that was filled with HBSS to make contact with a Ag/AgCl wire electrode with an attached connector. A similar electrode placed in contact with the right eye served as a reference lead. Both electrodes were shielded in a black tube, and a baffle constructed from black electrical tape was used to shield the right eye from light stimulation. Responses were differentially amplified (DP-301, Warner Instruments, Hamden, CT; dc-100 Hz; gain ϭ 1000ϫ) digitized at 20 Hz and stored using LabScribe Data Recording Software (iWorx, Dover, NH). After these initial setup procedures were finished, the stability of the recording was monitored for several minutes prior to stimulus presentation. Under these conditions, mice did not usually develop reversible cataracts, probably because the corneal surface was moistened by the saline solution used to fill the capillary tube (Ridder et al. 2002) .
White light stimuli were derived from an optical channel using a Leica microscope illuminator as the light source and delivered to the test eye with a 1-cm-diam fiber optic bundle. The unattenuated stimulus luminance was 4.4 log cd/m 2 . For the mouse eye, this luminance corresponds to 6.8 log photoisomerizations per rod/s, based on the assumption that 1 photopic cd/m 2 equals 1.4 scotopic cd/m 2 for the tungsten halogen light source (Wyszecki and Stiles 1982) and that 1 scotopic cd/m 2 is equivalent to 100 photoisomerizations per rod/s (Hetling and Pepperberg 1999) . Neutral density filters (Oriel Instruments, Stratford, CT) placed in the light path reduced stimulus luminance. Luminance calibrations were made with a LS-110 photometer (Minolta, Ramsey, NJ) focused on the output of the fiber optic bundle. A Uniblitz shutter system was used to control stimulus duration at 7 min. Each mouse was tested only once on a given day, using only a single stimulus condition. Intensity-response functions were developed from recordings made in different recording sessions that were separated by at least 2 days. To record conventional ERGs, a second stimulation and recording protocol was used that has been developed for mouse ERG recording . The ERG was recorded using a stainlesssteel electrode that made contact with the corneal surface through a thin layer of 0.7% methylcellulose. Needle electrodes placed in the cheek and the tail served as reference and ground leads, respectively. Under these conditions, mice typically develop reversible cataracts. Responses were differentially amplified (0.3-1500 Hz), averaged, and stored using a UTAS E-3000 signal averaging system (LKC Technologies, Gaithersburg, MD). After overnight dark adaptation, ERGs were recorded to flash stimuli presented in an LKC ganzfeld. Stimulus flashes ranging from -3.6 to 2.1 log cd s/m 2 were presented to the dark-adapted eye. In some cases, cone ERGs were obtained to strobe flashes (1.4 log cd s/m 2 ) superimposed on a steady adapting field after a 7-min adaptation period (Peachey et al. 1993) .
R E S U L T S Figure 1 presents a representative response recorded from a C57BL/6J mouse in response to a 7-min duration stimulus flash, indicated by the lower trace. The lower waveform shows a complete recording, while the upper waveform presents only the initial part of the response on a 5ϫ expanded time scale. In this expanded format, the initial portion of the response can be seen to include a positive polarity b-wave, which is followed by a second positive wave, the c-wave, that peaks several seconds following flash onset. The lower waveform shows that the b-and c-waves are followed by a negative polarity FO and then a positive polarity LP. At flash offset, the OFF-response is negative in polarity, although this feature is intensity dependent (see following text). In agreement with Kikiwada (1968) , the mouse ERG includes all of the major dc-ERG components seen in other vertebrates.
Comparison of inbred mouse strains
To define the basic characteristics of the ERG components generated by the RPE, responses were recorded over a 5-log Instead, we found that the drift present in our recordings tended to cancel out in this grand average format. Throughout most of the intensity range examined, it was possible to identify the major response components generated by the RPE. The largest amplitudes were, however, obtained from stimuli that fell in the middle of our intensity range, and responses declined at the highest flash intensities. The decrease in response amplitude that was observed at higher flash intensities cannot reflect light adaptation from prior stimuli, as mice were tested only once on a given day using a single stimulus condition. In comparison to the other components, the polarity of the OFF-response was intensity dependent. At low flash intensities, the OFF-response was negative in all three strains of mice tested. As flash intensity increased, the response decreased somewhat, and then reversed to a positive polarity. This reversal was observed in all three strains examined, although it occurred at lower stimulus intensities in albino BALBc/ByJ and 129/SvJ mice than in pigmented C57BL/6J mice.
As indicated in Fig. 1 , we measured the peak-to-trough amplitude of each ERG component. The amplitude of the c-wave was measured from the prestimulus baseline to the peak of the c-wave. The FO was measured from the c-wave peak to the trough of the FO. The amplitude of the LP was measured from the FO trough to the asymptote of the LP. Finally, the amplitude of the OFF-response was measured from the LP value just prior to flash offset to the peak of the initial component that, depending on stimulus intensity, was either positive or negative in polarity. Figure 3 presents intensityresponse functions for each component. The c-wave (Fig. 3A) increased with flash intensity to a maximum, and then declined with increasing stimulus intensity. The maximal response, as well as the subsequent decline, occurred approximately 1-2 log units lower for albino than for pigmented mice. In addition, the maximum amplitude of the c-wave was higher for C57BL/6J mice than for the two albino strains examined. The FO (Fig.  3B) and LP (Fig. 3C ) displayed similar strain differences, where the response maximum occurred at a lower stimulus intensity for albino than for pigmented mice. Although the maximum FO was obtained for C57BL/6J mice, LPs of 129/ SvJ were somewhat larger in amplitude than for the other two strains examined. Although there were no major differences in amplitude for the OFF-response (Fig. 3D ), the stimulus intensity at which this response component reversed polarity was also lower for albino than for pigmented mice.
We also evaluated the kinetics of the ERG components generated by the RPE. The implicit times of the c-wave and FO were measured from flash onset to the peak of the c-wave or the FO trough, respectively. The kinetics of the FO and LP were analyzed by fitting a single exponential function to derive a time constant () for the isolated FO (i.e., from the peak of the c-wave to the FO trough) or the isolated LP (i.e., from the FO trough to the LP asymptote) (cf. Peachey et al. 2002) . As stimulus intensity increased, the implicit time of the c-wave (Fig. 4A ) increased to a relatively stable level and then declined at the highest stimulus levels. In comparison, the implicit time of the FO remained relatively stable through the lower portion of the stimulus intensity range used here and then declined at the highest stimulus intensities; the magnitude of this decline was greatest for the two albino strains. For the FO, values of (Fig. 4C) were relatively stable at low stimulus intensities and then declined with increasing stimulus intensity. Although there was good agreement in values between strains through the lower portion of the intensity range, in albino mice the values of FO were markedly lower at the highest stimulus intensity. Values of derived for the LP were consistently lower for albino mouse strains, indicating that the kinetics of this ERG component were decreased steadily with increasing stimulus intensity. This reduction was most pronounced at the highest intensity, consistent with the waveform changes observed in albino, but not pigmented strains at the highest stimulus intensities.
For both strains of albino mice tested, the intensity-response functions for RPE-derived ERG components were shifted to the left along the intensity axis in comparison to those for pigmented C57BL/6J mice. To examine whether this shift reflects a difference in the photoreceptor response, we recorded dark-adapted intensity-response functions for the ERG a-and b-waves. Figure 5 plots response functions for the ERG a-and b-waves. To better compare the relative position of these functions along the intensity axis, the data set corresponding to each mouse strain was normalized by the average maximum b-wave for that strain (129/SvJ: 1316.6 V; BALBc/ByJ: 887 V; and C57BL/6J: 1134.2 V). In general, the response functions of albino mice were shifted toward lower intensities, as noted also by Kashani et al. (2003) . The magnitude of this shift does not, however, account completely for the strain differences noted in Fig. 3 , indicating that the RPE of albino and pigmented strains may respond differently to subretinal ionic changes. In addition, any difference in retinal sensitivity does not account for the strain differences noted in overall amplitude for the c-wave (Fig. 3A) , FO (Fig. 3B ), or LP (Fig.  3C) , since the functions cannot be brought into close alignment by simply shifting them along the intensity axis.
Inner retinal contribution
The possibility that activity of the inner retina produces some of the driving force for RPE-derived components has been examined on a single occasion. Gallemore and co-workers (1988) examined responses while the retina was perfused with agents that suppress postreceptoral synaptic transmission. Although no component was pharmacologically abolished, the various agents examined (Co 2ϩ , Mg 2ϩ , 2-amino-4-phosphonobutyric acid, and cis-2, 3-piperidine-dicarboxylic acid) induced distinct but reproducible changes. As a result, while these results indicate that inner retinal activity is not required for the generation of any specific component, they do not rule out the possibility of some inner retinal contribution. Moreover, these studies were carried out using an isolated chicken retina preparation, and it is not clear that these results will apply directly to the mouse. To examine the possibility that inner retinal activity may evoke RPE-derived components, we have made recordings in nob mutant nice. As shown in Fig. 6A , nob mice lack the ERG b-wave, but retain an a-wave with normal kinetics and amplitude (Pardue et al. 1998) . Although nob mice have normal retinal histology (Pardue et al. 1998 ) and a normal distribution of many proteins in the outer plexiform layer , light-evoked inner retinal activity is substantially diminished in these animals, as evidenced by the lack of an ERG b-wave (Pardue et al. 1998) , an overall decrease in visual sensitivity (Gregg et al. 2003b) , and in responses of depolarizing bipolar cells to glutamate (Gregg et al. 2003a) . As a consequence, the nob mouse provides a model with which to examine the possibility that ionic changes generated by inner retinal activity might contribute to any of the components generated by the RPE. Figure 6B presents a series of responses obtained from nob mice. It is clear that these signals contain each of the ERG components generated by the RPE, indicating that inner retinal activity is not required to generate the mouse c-wave, FO, or LP. Like WT mice, the OFF-response shows an intensity-dependent polarity inversion. Peak-to-trough measures from individual nob mouse recordings are summarized in Fig. 7 for each of the major ERG components. The intensity dependence of the c-wave (Fig. 7A ) was similar in nob and WT mice, although the overall amplitude was consistently larger in nob mutant mice. At lower intensities, the amplitude of the FO was also larger in nob mice (Fig. 7B) , although nob and WT data superimposed at the higher two intensities. In comparison to these earlier response components, there was little difference between the LP and OFF-response of nob and WT mice.
Relative contribution of rods and cones
Although it is clear that generation of RPE-derived components requires light absorption by photoreceptors, the relative roles of rods and cones in generating the various components have not been well defined. The main preparations that have been used are the cat retina, which is rod-dominated (Steinberg et al. 1973) , and the chicken retina, which is cone-dominated (Meyer and May 1973). Since a robust response is recorded from both preparations, it appears that both rod and cone photoreceptors can initiate RPE activity. While approximately 97% of the photoreceptors in the mouse retina are rods (CarterDawson and LaVail 1979; Jeon et al. 1998) , the cone ERG can be several hundred microvolts in amplitude (Xu et al. 2000) , supporting the possibility that cones may provide an effective stimulus to the mouse RPE. To address the relative contribution of rod and cone activity, we have examined transducin mutant mice, in which rod photoreceptors do not respond to light, although overall retinal anatomy is normal (Calvert et al. 2000) . Figure 8A presents ERGs recorded from representative Trϩ/Ϫ and TrϪ/Ϫ mice under stimulus conditions that are used to examine rod-and cone-mediated retinal function (cf. Xu et al. 2000) . As shown in the upper two records, darkadapted ERGs are markedly abnormal in TrϪ/Ϫ animals. The response to a dim flash (upper records), which evokes a clear ERG b-wave in WT and Trϩ/Ϫ mice, was indistinguishable from the baseline noise in TrϪ/Ϫ animals. When a highintensity stimulus was used (middle records), the negative polarity a-wave was absent in TrϪ/Ϫ mice, and the b-wave was reduced in comparison to WT or Trϩ/Ϫ responses. In comparison to these differences in the dark-adapted ERG, the waveform and amplitude of the cone ERG were very similar between Trϩ/Ϫ and TrϪ/Ϫ mice (lower records). As noted by Calvert et al. (2000) , these results indicate that rod-mediated function is lost in TrϪ/Ϫ mice while cone function is retained. As a consequence, the TrϪ/Ϫ mouse provides an opportunity to determine whether rod or cone activity is required to evoke the ERG components generated by the RPE. Figure 8B presents a series of responses obtained from Tr mutant mice. In Trϩ/Ϫ mice, it is clear that each of the ERG components generated by the RPE is present. In comparison, TrϪ/Ϫ mice do not generate a clear c-wave, FO, LP, or OFF-response, although there is a distinct transient component (open arrows) present at stimulus onset, which is likely to reflect the cone pathway activity that is spared in this mouse model (Calvert et al. 2000) . Throughout the stimulus presentation, there was a small positive step in TrϪ/Ϫ mice. This may be related to the positive step observed in rodent recordings to stimuli of relative long duration (Xu et al. 2003) . However, as the maximum stimulus duration used by Xu et al. (2003) was only 400 ms, further analysis will be required to determine the nature of the positive plateau generated to the stimulus durations used here. While these data do not exclude some minor contribution from cone activity to the slow ERG components studied here, it is clear that they are dominated by rod-mediated activity across a broad range of stimulus intensity.
Peak-to-trough measures from individual Tr-mutant mouse recordings are summarized in Fig. 9 for each of the major ERG components. Although responses from TrϪ/Ϫ mice were markedly reduced in amplitude, there was no difference between Trϩ/Ϫ and C57BL/6J WT mice with respect to any of the major components generated by the RPE.
D I S C U S S I O N
In defining a noninvasive recording procedure to monitor light-evoked electrical activity of the mouse RPE, we characterized the stimulus-response characteristics of the underlying components in three mouse strains that are commonly used in retinal research. In addition, we incorporated mutant mouse strains, to begin to take advantage of the potential power of mutant mice in addressing basic questions regarding ERG components that are generated by the RPE. Taken together, these results indicate that it is possible to examine RPE function in mice and to examine how this may be compromised by a disease process or affected by gene manipulation. In addition, application of this approach to mutant mouse lines provides an opportunity to evaluate the role of specific molecular events in generating the different response components.
In response to a flash of light, the mouse RPE generates all of the ERG components that have been identified in other vertebrate species (Steinberg et al. 1985) . Overall, the present data agree with the earlier report of Kikiwada (1968) , who evaluated RPE-derived ERG components in a wide range of species using a single stimulus condition. When stimulus intensity was varied, we noted that each component increased in amplitude to a maximum and then declined at higher intensities. As mice were tested only once on a given day, and more than one day typically elapsed between successive recordings, these amplitude decreases observed at high stimulus intensities cannot reflect a cumulative effect of light adaptation. While the explanation for this decline will require further investigation, it is possible that the decrease seen at the higher stimulus intensities may reflect an increase in the kinetics of underlying generators such that positive and negative polarity components that normally occur one after the other coincide in time at the higher stimulus intensities, resulting in an apparent reduction in response amplitude. This possibility was supported by analysis of response timing parameters. All measurements of response timing were substantially shorter at the highest stimulus intensities, consistent with the hypothesis that the decline observed at high intensities reflects to some extent destructive interference between the underlying response components, which are normally separated in time. Moreover, the magnitude of this response acceleration was greatest in albino mouse strains, which showed the greatest overall decline at the highest stimulus intensities. Finally, the rising phase of the intensityresponse functions in albino strains were also shifted to the left from that for C57BL/6J mice. Based on analysis of the conventional ERG a-and b-waves, it appears that some, but not all, of this difference reflects a greater sensitivity to light in albino mouse strains. Rhodopsin bleaching may also contribute to the amplitude decrease observed at high stimulus intensities. To address this possibility, we plan to examine some of the mouse mutants that have been developed that display abnormally slow rhodopsin regeneration .
An additional interesting feature of the mouse response is that the polarity of the OFF-response inverted from negative to positive as stimulus intensity was increased. The explanation for this inversion is not known, and it is worth noting that a similar result was not obtained in two WT strains of rat studied using this general technique (Peachey et al. 2002) nor in prior studies of cat (Linsenmeier and Steinberg 1982) . The intensitydependent inversion of the OFF-response indicates that the mouse OFF-response reflects a complex interaction of several components of different polarity.
The present data were obtained using a system modeled after that used recently to study two strains of WT rat (Peachey et al. 2002) . We, nevertheless, noted several differences between the responses of the two species. In addition to the intensitydependent inversion of the OFF-response noted above, the overall amplitudes of the c-wave and the LP were much larger in the mouse than in the rat. This difference cannot reflect the use of a different reference electrode position (unstimulated fellow eye in the mouse versus orbit of the stimulated eye in the rat), as rat recordings were not substantially different when the fellow eye was used as a reference (AD Marmorstein, NS Peachey, and J Yocum, unpublished data) . Instead, these results indicate the mouse has an advantage over the rat, in terms of signal to noise for these response components.
Paralytic agents were not required to make stable recordings from the mouse or the rat (Peachey et al. 2002) . This difference from other species, such as cat, where residual eye movements must be eliminated pharmacologically, confers distinct advantages to rodent-based recordings. First, by reducing the degree of support required to maintain the mouse or rat in a stable physiological state, the overall experimental setup is simplified. In addition, it is possible to expand the experimental design to allow for recordings to be made on more than one occasion.
To evaluate specific issues regarding the initial mechanisms that evoke these slow responses from the RPE, recordings were made from two lines of mutant mice with well-defined functional defects in the absence of cellular degeneration. The findings obtained with these begin to tap into the potential of mutant mouse lines to dissect electrophysiological activity of the RPE. A basic question concerns the relative roles of rod and cone activity in evoking RPE contributions to the ERG. To examine this issue, we examined mice lacking rod transducin, resulting in an interruption of the phototransduction cascade in rods but not cones (Calvert et al. 2000) . Because the gene deletion spares cone function, any light-evoked electrophysiological response obtained from these animals must originate with cone activity. Although the RPE responses of Trϩ/Ϫ mice appeared normal in all respects, those of TrϪ/Ϫ animals were markedly abnormal. That TrϪ/Ϫ responses lacked the c-wave, FO, LP, and OFF-response indicates that each of these components is evoked by rod activity in the mouse. We cannot, however, exclude a minor contribution from the cone photoreceptors to the overall response. Under the present recording conditions, responses of TrϪ/Ϫ mice appeared to include a small response that was evidenced as a positive deflection throughout stimulus presentation. The complete definition of this cone contribution will require additional studies of other mutant lines affecting rod and/or cone function selectively (e.g., Seeliger et al. 2001) .
The results obtained with Tr-mutant mice allow us to address the potential role of all-trans retinol as the light peak substance, which has eluded identification to date. A number of potential candidates for the light peak substance have been proposed, including dopamine ( Miller 1992), adrenergic agents (Quinn et al. 2001) , melatonin (Dawis and Niemeyer 1988) , and adrenergic agents (Quinn et al. 2001) . Of these, however, only adrenergic agents are still considered likely candidates. In response to light, all-trans retinol is released by the outer segment into the subretinal space, where it is taken up at the apical membrane of the RPE. Although these characteristics implicate all-trans retinol as a candidate for the light peak substance, the absence of a LP in TrϪ/Ϫ mice is inconsistent with this hypothesis.
Recordings were also made from nob mice, which lack the b-wave and presumably most light-evoked activity of the inner retina. There was no major difference in waveform between nob and WT animals. This result indicates that inner retinal activity is not required to evoke any of the ERG components studied here. This general conclusion agrees with the report of Gallemore et al. (1988) , who noted that the c-wave, FO, and LP were retained in a chicken retina/RPE/choroid preparation following the application of pharmacological agents that interfere with postreceptoral transmission. In the nob mouse, however, there was a reproducible increase in the amplitude of the c-wave and FO. This increase indicates that the amplitudes of these components are diminished by a response originating in the depolarizing bipolar cell pathway. The increase observed in nob c-waves may indicate that the positive polarity c-wave is normally countered by a component of negative polarity. Since the photoreceptor response is not impaired in nob mice (Pardue et al. 1998 ), it appears that the positive polarity contribution to the c-wave from the apical membrane of the RPE is normally offset by two negative potentials, slow PIII generated by Mül-ler cells and a second negative polarity contribution that may originate in the rod depolarizing bipolar cell. To further examine this possibility, it will be useful to examine additional mouse mutants in which the ERG b-wave is selectively reduced in amplitude.
In sum, the present results indicate that the ERG can be used to reliably record RPE-generated potentials from mice. Further application to mutant mice will provide a useful approach toward defining the cellular origin of each component and to completely define the effect of gene manipulation on the function of the retina and RPE.
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